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ABSTRACT 

Under AFT AC Project VT/6704 Texat Instruments Incorporated 

has Ud overall responelblllty for the operation of the Cumberland Plateau 

Observatory during the period May 1966 through A?r4l 1967.    Work under this 

project has been a continuation of the previous year* effect under Project 

VT/5054 and has been primarily directed toward Improving the use of small 

diameter seismic arrays in the teleselsmlc event detection problem.    During 

this last year the feasibility and effectiveness of on-line automatic detection 

processing was Investigated through the evaluation of the CPO Auxiliary Pro- 

cessor.   This unit - a digital computing device fabricated during Ute 1966 - 

interfaces with the CPO processor.    Other tasks included the contlauaif evalu- 

ation of the MCF processor to determine the Impact of Wiener signal extraction 

processing on the station detection capability,  the continued multidimensional 

analysis of f /• CPO ambient noise field to verify noise properties affecting per- 

formance of the MCF processor, and the Investigation of techniques designed 

to enhance visual presentation of seismic data. 
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SECTION I 

INTRODUCTION 

bUy 196%,  TcKAt In«trum«Dtt LncorporAt««! hAt bAd ovcr- 

*ll ra^PWrtMUlf i >r ofMrattMi of UM CumbvrUad PUu«u S«l«moU>glc4l Ob- 

••rv«lory (CPO).   t» ctNgtMclion wltb tblt op«rAllott. Tl b*« conducUd r«tc«rcb 

dlrxt««! towtird lb« d«v«tof«Mal «ad «pptie«Ho» of «opblsticAUd proctcsiag 

t.cKniqu»«  4*«ltn»'J t» «.nK«nr»  pr»a«nt  krvouUdg» o| pr.>cr«»ng •mall dUmMrr 

Ktonrtc artAy« tor i«l«i»l*mlc AVMI dAl«cii««.   Included In tblt r»i««rch bAs 

IMMI tlto dAAlg». fAbrtcAlioa, ep«rAfloo «ad «VAIUAUOII of «opbUUcAtAd on-lla« 

dlftlAl f»roc«««Uii bafdwAr» for W|«o*r rmüllcbAanAl «IfBAl «xtrAtion filt«ring, 

■^awnrtc ovaal <«toctioa «ad cUstlflcAttoo |»roc«««lng. 

Thu «ork h«« b««a coadocud uodcr lb« tocbale«! direction of 

h# Air fore« T«cbalc«l AyyllcaHaa« Ceator «ad «A« «ponAorvd by UM AdvAocsd 

R««»Arcb Projoct« Agency «• perl of lb« VELA UNIFORM progrem. 

TW« mwinl report reetoiri tbe etAtioo operetion^  reieerch «ad 

berdieire deeel«pff*e«t eod evelaAtle« csadt«ct«d doriag UM sacoad contract year 

«ad«r ATT AC Projacl VT/4704 tor tbe period bUy 1966 through April 1967. 

•ort «dBOmyliabad dartog UM flrat eo^racl yeer (AFTAC Project VT/SOH) 

»At doevmeated la CPO AMOAI Roport No.   1   ead I« reviewed end iummaiisad 

la ibl« report, «bere necefl««ry,  for coMinuity. 

Soctton« la Ibia report are organised aa foltowa;   Section II 

ta awmnary «ad conctaat^a. &Mrtioa III dlacaaaaa »tation operetion and 

analyst«. Soctton IV preaenla reaulta of lb« hardware evaluation and Sec 

ttoo V eomnMrice» the off.tine eppllcd reaearch ttaka.    The appendix gives 

• complete list and brief deacription of all reports published under this 
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SECTION II 

SUMMARY AND CONCLUSIONS 

During the past two years under Contract AF 33(657)-14C48,  a 

significant amount of information about on-line automated signal extraction and 

detection processing has been gained through the construction,  operation and 

evaluation of the CPO MCF-Auxiliary Processor system.    The following para- 

graphs summarize the use of the CPO MCF-Auxiliary Processor and related 

tasks and the significant results and conclusions reached. 

A. STATION OPERATIONS 

Operation of CPO continued routinely through the period May 

1966 through April 1967.    Collection of high-quality magnetic tape and film data 

was insured by an active quality control program and minimum station down 

time was guaranteed through a continuing preventive maintenance program. 

Observatory primary,   secondary,  and long-period data were 

analyzed by the CPO analysis staff and reports of events were forwarded daily 

to the USCtGS.    This data was also used for comparision in the MCF-Auxiliary 

Processor system evaluation. 

At the close of this contract on 30 April 1967, the observatory 

and specified equipment,  facilities and expendable supplies and parts were trans- 

ferred to the USC&GS at the direction of the contracting officer.    Disposition of 

other accountable property was accomplished prior to 30 April.    The transfer 

went smoothly and according to schedule,  and it was reported that the USC&GS 

personnel on-site were well satisfied with the transfer and conditions of facili- 

ties and equipment. 

B. MCF-AUXILIARY PROCESSOR SYSTEM EVALUATION 

The MCF-Auxiliary Processor system was designed,  fabricated 

and evaluated under two task efforts.    The MCF processor was built under 

VT/5054 and operated for a period of 6-i months at CPO.    Continued operation 

II-1 soienc» »ervlcen division 
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of this program as well as the evaluation was conducted during the second year 

under VT/6704. 

The Auxiliary Processor,  which interfaces with the MCF, was 

designed and constructed during May 1966 through December 1966 and operated 

at CPO from 20 December 1966 through 10 April 1967. 

Evaluation of these systems included a hardware reliability and 

maintenance study and a technical evaluation.    (A brief description of the system 

has been provided in Section IV for reference. ) 

One design problem Wö,8 experienced with the MCF system during 

the initial period it operated on-line at CPO.    Wiener multichannel filter co- 

efficients,  whioh are stored in the processor mem ry,  were lost or shuffled 

during routine operations.    This difficulty,  Which was named the "coefficient 

loss problem",  was caused by an internal grounding problem and an inability of 

the system to handle certain types of high speed power line transients.    After 

the incorporation of suitable modifications,  no serious difficulties with "coef- 

ficient losses" were encountered. 

b.    Technical Evaluation 

The MCF processor output data were analyzed to determine the 

11-2 «clence ••rvto«*s division 
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i 1.    MCF Processor Evaluation 

a.    Hardware Reliabil   / 

The MCF proved to be a highly reliable digital processing de- 

vice.    For the first period the system operated on-line (15 March 1966 through 

30 September 1966),  a computed mean-time-between-iailure of 900 hr wa^ ex- 

perienced after a 2000 hr "infant mortality" period.    Not one component failure 

occurred from 20 December 1966 through 10 April 1967,  approximately 2600 hr, 

which was the second period the system operated on-line at CPO.    These results 

were considerably better than uhe theoretical mean-time-between-failure of 277 

hr. 
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impact on-line signal extraction processing and beam-steering had on the sta- 

tion detection capability.    MCF output data were analyzed for teleseismic events 

and results of this analysis compared with routine CPO analysis using the pri- 

mary and secondary data.    These two sets of data were also compared with 

known seismic activity for two months' data (February and March 1967) to ob- 

tain a measure of the increase in detection capability provided by the MCF. 

Results of the event detection study showed an average monthly 

increase of 58 percent for the 11 months the unit operated on-line.    Using 

USC&GS data,  it was demonstrated that examination of the MCF input data had 

aided the analysts in lowering perceptibility in secondary and primary data an- 

alysis by approximately 0. 5 magnitude.    Association of the two data sets for 

February and March 1967 with known seismic activity showed the MCF to detect 

27 percent more events than the primary and secondary data in the prime de- 

tection range of A = 80° - 90°. 

Off-line investigation determined the amount of noise rejected 

by different filters for various types of noise.    Filters used in the MCF had 

approximately the same degree of noise rejection on-line as they did in pre- 

vious off-line analysis.    The filters showed between 3. 9 and 17. 0 db improve- 

ment in the primary signal band jf 0. 6 to 1. 4 cps for the samples analyzed and 

up to 18.6 db improvement above 1.4 cps.    Further noise analysis compared 

the MCF outputs to sum and sum filtered data by computing microseism curves. 

Results of this study showed an average 2. 4 to 7. 3 db improvement using the 

MCF traces. 

c.    Conclusions and Recommendations 

Based on the analysis of the processor operation during the two 

contract years,  the following conclusions hr.ve been reached: 

o   The processor may be operated by a trained analyst 

•   The processor may be maintained by a trained technician 



• Use of the processor indicates empirically a personnel de- 

crease of one person required in the station analysis section 

as a result of the increased ease in detecting events 

e   At the CPO site no apparent need was evident which would 

warrant the updating of the MCF's,   since consistent noise 

suppression was found during both contract years 

• The processor increased the analyst's detection capability but 

the CPO station still did not report events from the northern 

hemisphere 

From this study several recommendations based on results ob- 

tained from evaluating the data in Dallas and from analysts' evaluation of the 

processor are 

• Primary on-line evaluation should be performed using the 

MCF datu rather than secondary or primary data 

• Use of the beam-steer capability in small arrays is useful 

even when resolution is limited.    Also,  some useful resolu- 

tion is obtained for low-velocity signals from local or region- 

al events 

• Ihn bandpass filter used at CPO had too narrow a passband 

and was limiting analysis,   since it was rejecting a significant 

portion of some signals.    A pa^sband of 0. 6 to 2. 0 cps it re- 

commended 

• All beam-steer and MCF outputs should use frequency filter« 

with the same passband 

2.    Auxiliary Processor Evaluation 

a.    Hardware Reliability 

Evaluation of the processor hardware showed the system to be 

highly reliable.    During the period of operation,  30 December 1966 to 10 April 
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1967,  no component failures were reported.    However,  the Initial aetup and 

programing of the tyetem It öJtficult and requires the empirical determination 

of many parameters.   This Is particularly true of the Fisher process,  since 

knowledge of the Fisher intermediate terms must be known in order to deter- 

mine the optimum data truncate settings. 

b.   Technical Evaluation 

Evaluation of the Auxiliary Processor as a detection device in- 

dicated considerable difficulty exists in determining the fixed-threshold detec- 

tion levels for the Fisher and Wiener outputs.    Initial determinination of the de- 

sired threshold levels was «Aifficult,  and once the levels were determined, it 

was found that they were highly non-time stationary.    Attempts to adopt stan- 

dard procedures to update the threshold levels proved to be inadequate.    Vari- 

ation« in the threshold level were significant enough that the automatic detection 

outputs were of little use to station analysts.    An adaptation algorithm for use 
2 

in the threshold detector is presented in CPO Special Report No.   5. 

The two UK outputs were programed in the Auxiliary processor, 

but were of limited use at CPO for classification for three reasons.    First, UK 

processing Is designed for use on large diameter crossarrays,  but CPC is a 

small array and thus lacks sufficient resolution and violates the assumption 

t&tt noise is uncorrelated across die array.    Second,  the two outputs may be 

programed for only two directions,   severely limiting the class of signals which 

may be studied.    Third,  classificatioi work requires preservation of signal 

waveform for all events.    This causes a basic dynamic range conflict with the 

MCF which is a detection device requiring adequate noise for coherent noise 

suppression.    The MCF-Auxiiiary Processor system is limited to a 12-bit (66- 

db) dynamic range on input.    Since on-line emphasis was placed on MCF signal 

extraction and detection processing, the class of signals available for study was 

highly restricted.    Large signals of interest were clipped on input or during 

intermediate computations and small signals of interest were not detected on the 

II-5 sc'.enc* so -Ice» division 



Develocorder display.    Therefore,  an adequate library of event» for study was 

not collected. 

Work in this area was subsequently shifter' to the MCF and Aux- 

iliary Processor evaluation.    However, the identification processing technique 

warrants study if the processor is installed at a more suitable array location 

and sufficient events can be accumulated. 

c.   Conclusions and Recommendations 

Much useful information for advancing the state-of-the-art of 

real-time automatic detection processing was gained by the Implementation and 

evaluation of the CPO Auxiliary Processor.    Both the Wiener power and the 

Fisher statistic computations appear to be useful for detection purposes, but 

completely automatic detection should use an adaptive threshold device.    Such 

a device can easily be incorporated into the existing hardware with a relatively 

minor nodification. 

Little information was gained from computation of the UK tech- 

nique on-line at CPO.    The adverse array properties and dynamic range coupled 

with the sparsness of desired events severely limited the necessary library of 

events required for this study. 

C.     DALLAS RESEARCH 

1.    Ambient Noise 

This study was directed toward determining the detailed configur- 

ation of the noise field ht CPO,  with emphasis placed upon the time stability of 

the noise.    Knowledge of tht noise structure as a function of time is necessary 

for optimum Wiener multichannel filter development,   since the effectiveness 

of this type of processing depends upon the noise statistics used to synthesize 

the filters.   If the ambient noise stxucture remains stationary in time and the 

statistics used in the filter synthesis adequately describe this structure, then 

the MCF will perform optimally over extended periods.    However,  if the ambi- 
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ent nolle itruct »re changes in time,  the filter must be •yntheelsed to include 

the eutietice >t the change. 

The ambient noise field properties were analysed during both 

contract years with regards to absolute power density spectra,  spetUlly orga- 

nized low-velocity noise,  and spatially organised high-velocity noise. 

Results of this study showed that the ambient noise field at CPO 

does not change significantly over extended time periods or on a dally or sea- 

sonal basis.    However, a change in the noise field does exist which can be re- 

lated to microseismic noije generated in the Atlantic and Gulf Coast region.. 

and posuible the Great Lakes region. 

These results imply that an accurate modeling of the CPO noise 

field can be used to generate a multichannel filter set which can be used in a 

DMCF processor to reject ambient noise throughout the year,  except for periods 

of intense microseismic artivity. 

2.    Detection Processing 

Off-line Dallas-based support research was primarily directed 

toward determining parameters for the Auxiliary Processor program and to- 

ward investigating properties of the Fisher output.    Two critical parameters. 

the integration gate length for the detection outputs and the low-cut frequency 

filter specification for the Fisher input da  ;,  were determined.    Also the effect 

of correlated noise on the Fisher output MAB studied empirically in relation to 

the low-cut filter specifications.    Compared to the Winner outputs,   bignal at- 

tenuation for f;he Fisher computation as a function of wavenumber was deter- 

mined to be significantly greater. 

The variable threshold problem for a fixed false-alarm rate wae 

investigated and found to be related to the RMS input noise level for the Fisher 

output.    This increase could not be related to the effect of a particular noise 

contributor,  but it may be related to the mantle P-wave noise level. 
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3.   Vliu*l D»t* DUpUy 

ThU U«k w*t <Ur«cUd toward Improving vliual Devalocorder 

d*t* dlapUyt In order to aid tUtton An«lySta In lnterpret»tlon of event arrival*. 

Two approach«! tc thle taek war« aoalysed,  the development of alngle-channel 

filtere to be Applied oa-lliia la the MCF to remove the •yetem amplitude ana 

velocity retponeaa aad a etudy of eeveral variable display technique«. 

In the • ingle-channel Biter etudy.  it waa found that extremely 

long filtert would be D«c«eeary to •uccees'ully acbiava th« deelred reeponae 

aad that theea filtere would require more cor* apace in the MCF than !• avail- 

able.    Therefore,  thli technique wa* dleconttnu«d.    Th« other technique •hewed 

that variabl« area playback« combined with band-pa«« Altering produca reeulte 

•which would b« vtry advantageou« In the analyeie and reporting of email avantn. 

However, no method I« currently available for on-line procaaalng uelng this 

tochnlqua. 
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A.    DESCRIPTION 

A detailed description of the technical instrumentation and faci- 
3 

lities at the observatory can be obtained from the Seismological Observatories 

information bulletin.    A general description of the station operations and in- 

strumentation follows. 

CPO records seismic data 24 hr a day.    The instruments are ar- 

ranged in five concentric rings consisting of 1,   3,   3,   6,  and 6 seismometers, 

respectively,  from the center of the array (Figure III-l).    The 19 seismome- 

ters are short-period vertical Johnson-Matheson seismometers.    In addition, 

the array contains: 

• 2 short-period horizontal Johns on-Mathe son seismometers 

• 1 intermediate-band vertical Melton seismometer 

• 2 intermediate-band horizontal Melton seismometers 

• 1 broadband vertical Geotech 7505 seismometer 

• 2 broadband horizontal Geotech 7505 seismometers 

• 1 long-period vertical Geotech 8700 A seismometer 

• 2 long-period horizontal Geotech 8700 A seismometers 

• 1 anemometer 

• 1 earth-powered Benioff seismometer 

• 2 high-frequency seismometers 

The observatory also operates a digital multichannel filter processor (MCF) 

and a digital Auxiliary   Processor. 

For analysis and storage,  all data are recorded on two 14-chan- 

III-1 sci«nce services division 
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Figure III-l.   CPO Array 
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nvl up# r#cord»rt. tmt  |6.ch«nn«J Dcvclocorder«, en« ZO-eh«»»»«! Dcvtlocor- 

d«r. •ad on« ll>chaiui«l D»v«locord«r     Tti« Ul«tt chaai»«» detitnalioiit for th« 

various inttrumvntt «r» •howtt tn T«bU Hl   t 

B.   STATK>N ANALYSIS 

1. Routlno Aiuüy«U 

Routine •utioo Muüytlt proc««d«d Uiroufboui ihm f*t.   SUtiO« 

p«rtoim«l *ii^f««d *U recorded events «ad. wtof poeelble. IdeaUlled *11 r«- 

corded phases.    Moat common phaaea Identified wire P. pPt PP.  PPP, PKP* 

S, SKS, SS. SSS,   Lg. and Lr.    Less common phaaea IdaatifUd wer« PKKP, 

SKKS,  PcP, ScS, *nd other core phases.    Aiao,  atatloa peraonncl recorded T 

phases from one event. 

Other routine station analysis inctuded th« dally measurement 

of ambient-notse stet I sties used la the compuUtioa of AfTAC mlcroaelam 

curvee and the daily telef ramming of *U recorded P-ph«»e ttniea to tfce USCfcOS, 

Theee «Ully meaaagea contained the arrival time 01 P end t»»« period end Am- 

plitude of the majtimum pule«. 

Table 111-2 present! the number of events reported by ÜM ttattoa 

analyst! during the yeer. 

2. Special Projects 

The ape  1*1 projects eoaducted at CPO during the »eat year In- 

cluded the continued compilation of an event librery and analyaia and evaluation 

of the MCF-Ausdllary Processor «ystem.  Tbda Utter taak is dlacuaaed '    da- 

uil   in Section IV. 

The event library consists t.f Indexed reproductions Uilm and 

magnetic Upe play back) of typical »nd interesting event» «a recorded at the ©h« 

servatory. 
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Table in-2 

NUMBER OF RECORDED EVENTS 

Month 

May 1966 

June 1966 

July 1966 

August 1966 

September 1966 

October 1966 

November 1966 

December 1966 

January 1967 

February 1967 

March 1967 

April 1967 

Total 

Teleseisms 

644 

699 

555 

599 

635 

601 

565 

567 

619 

630 

406 

342 

6862 

Regional, Near- 
Regxonal and Local Events 

8 

3 

42 

8 

7 

10 

17 

2 

6 

10 

2 

10 

125 

An index card with information such as phase,  arrival time,  period,  amplitude, 

and instruments that recorded the phase,  distance,  direction,  location,  and 

magnitude was prepared for each interesting event as determined by station an- 

alysts.    The library was used by analysts to provide ready access to events for 

study and to aid m the identification of rarely seen phases. 

C.    ENGII^    ERING 

1.    Field Conditions 

Existing CPO site field conditions make the repair and laying of 

cables a ditticult task because the array is laid out through numerous swamps 

and bogs.    These conditions make travel extremely difficult and require the use 

of four-wheel drive vehicles to traverse the trails to the vaults.    The installa- 
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tion of AEI lighting protectors greatly reduces the amount of necessary field 

wovk. 

2. Station Instrumentation 

Throughout the pa^t year station instruments have functioned 

well.    However,  some problems which occurred were 

• Develocorder date timer malfunctions —the date timer in 

D» /elocorder No.   I was replaced 

• Beckman regulator and power control unit inoperative -re- 

placed with new parts 

• Leakage in calibration cable to Z-10 

• Long-period Develocorder inoperative for several days 

• Replacement of several DCM's 

3. Quality Control 

The CPO data were checked for quality control in several areas, 

a.    Develocorder Film Quality Control 

1) Control Post Analysis Forms 

The forms were checked for completeness and legibility to re- 

el'   e errors in key-punching. 

2) Daily Calibration Logs 

The logs were checked for completeness,  and comments were 

noted conccrninf' problems encountered in operation. 

3) Film Quality 

The quality of film was compared with comments in calibration 

logs. 

Ill-5 solsnc* ••rvices division 

I 
r 
o 

f 

[ 

[ 

i 

c 
i 



iMiUtim.- \^mMtiimrmmii 

0 
B 
0 
S 
0 
i 
B 
D 
II 
0 
D 
0 
i 

ID 
D 
D 
6 
I 

4)   Data Quality 

Data were checked by analysis of film for comparison with an- 

alysis forms.    On this analysis, 

• A check was made for missed events 

• Phase identification was verified 

• Measurement of events were made to check accuracy 

• Calibration measurements were checked 

Overall quality of the CPO film was good throughout the year, 

especially the latter part of the year     Major problems were found in Develo- 

corder stoppages and skipping.    To alleviate this problem,  a rotation system 

was set up which allow personnel to overhaul the Develocorders on a rotating 

schedule. 

b.    Magnetic Tape Quality Control 

The following checks were performed on one tape per week,  with 

all other tapes being spot checked. 

1) Tape System Noise 

• A visual inspection was made for dropouts and spikes 

• Peak-to-peak wow and flutter measurements given in per- 

cent of deviation were made inside the seismic bandpass 

region 

• A check was made for outside noise spikes such as Develo- 

c or der taknup,  otc. 

• Deterioration of d   .a due to oxide buildup on heads was 

checked 

2) Tape Alignme.it 

III-7 scl«nc« ■•rviOM division 



• Center frequency and ido'/Utlonf  vere ch« ;ked for alignment 

• Average frequency readlnge were taken at three placet to 

check for frequency drift of modulator« 

e   Sine calibration was alio checked for level, dlatortlon and 

phasing 

3) Selemometer Calibration 

• Visual Inspections were made of relative amplitudes and sig- 

nal level 

• Relative phasing wae also checked 

4) Tl me and Timing 

• Voice quality,   WWV quality and comments were checked 

• Time code and WWV were checked for synchronization 

• Tape start and calibration times were also checked 

Overall quality of CPO magnetic tapes was good. 

4.    Modifications and Additions 

Several modifications were introduced at the CPO ftation during 

the past year.   The most significant change in the station operating configura- 

tion was the development of the Auxiliary Processor and the Installation of the 

DMCF and Auxiliary Processors.    An addition was the placing of the fourth 

Develocordur on-line to record all data produced by the digital processors. 
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SECTION IV 

MCF -AUXILIARY PROCESSOR SYSTEM 

A.    MCF PROCESSOR 

1,     Description 

The multichannel filter system uses digital procecsing tech- 

niques for simultaneous real-time filtering of several inputs through  sev- 

eral filters.    Since it is digital the system is highly reliable,  can operate 

unattended over long periods of time,  and any or all r f its filter coefficients 

can easily be changed by programing the magnetic core memory from 

punched paper tape or from control panel switches.    The processor has 

the capability of sampling 20 times/sec, processing up to five filters/channel, 

storing up to 512 points/filter, and beam-steering one of the five filters in 

up to 10 different direction».    The system includes the following features: 

• 32-channel input multiplier 

• 12-bit analog-to-digital convertei 

• a multichannel niter digital processor 

• an 8192-word by 24-bit ferrite core memory 

• 14 digital-to-analog converters for analog output 

• a paper-tape reader for rapid loading of new filter routines 

• a high-speed line printer for printing memory contents and 

■elf-test results 

2.     Operation 

During the second contract year, the MCF processor was pro- 

gramed to operate using eignt beam-steers and four MCF's,    Filters and 

beam-steer:, used in the processor are shown in Table (V-l,  and beam-steer 

IV-1 science services division 
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Title 

BSO* 

BS1 

BS2 

BS3 

BS4 

BS5** 

BS6** 

BS7 «* 

BS8** 

MCFO* 

MCF1 

MCF2 

MCF3 

MCF4 

Table IV-1 

PROCESSOR OPERATING MODE 

Description 

Straight sum (Zl - Z19) 

North,  velocity = 12.6 km/sec {Zl - Z19) 

East,  velocity = 12.6 km/sec (Zl - Z19) 

South, velocity = 12.6 km/sec (Zl - Z19) 

West,  veloctiy = 12.6 km/sec (Zl •  Z19) 

In-line summation toward USSR using 
Z4, 6, 7. 9.  14,   15,   17. and 19 

Transverse summation toward USSR 
perpendicular to BS5 

In-line summation approximately toward NTS 
using Zl,  2,  8.   10,   11,   12,   13. and 18 

Transverse summation approximately toward 
NTS perpendicular to BS7 

0.75 cps low-cut filter 

MCF3^ convolved with 1.0- to 2. 0-cps bandpass 
filter 

IPIOWGS^ convolved with 1.0- to 2. O-cps 
bandpass filter 

MCF31 

MCF24 t 

MCFO subsection prefiiters the 19-channel data and presents it for 
use in the BS subsection. 

** 
Used as inputs to UKO and UK1 of Auxiliary Procesior. 

A complete description of the filters is discussed in Appendix A of 
CPO Annual Report No.   1. 
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delays corresponding to Table IV-1 are presented 4n Table IV-2. 

The 1. 0 to 2. 0 cps bandpass filter used with MCF1 and MCF2 

is shown in Figure IV-1.    Also shown in Figure IV-1 is the 0.75 cps low-cut 

filter used in the MCFO subsection of the processor.    This particular filter 

is used because its output is processed through the Fisher section of the 

Auxiliary Processor, and results of testing different filters by the Fisher 

statistic have shown this to be the optimum filter for maximum rejection of 
2 

coherent noise with minimum degradation oi signals. 

3.    Hardware Evaluation 

a.    Reliability 

For the period 18 March 1966 to 30 September 1966 (when the 

processor was returned to Dallas for interfacing with the Auxiliary Proces- 

sor), a mean-time-between-failures of 900 hr was computed. 

For the period 19 May 1966 to 30 September 1966 (the period 

following "infant mortality" or 2000 hr when faulty components were identi- 

fied and replaced and other maintenance problems normally found in new 

equipment were corrected),  a mean-time-between-failures of 900 hr was 

computed.    This 900-hr mean time was much better than that theoretically 

developed for the processor (277 hr). 

On 20 December 1966, when the processor was returned 

on-line after interfacing with the Auxilia^/ Processor at the Dallas facility, 

no additional processor failures were encountered.    This additional operation 

time from 20 December 1966 to 10 April 1967 indicates a significant increase 

in mean-time-between-failures.    (The processor ran approximately 2600 hr 

without failure. ) 

b.    MCF Coefficient Loss Problem 

Since MCF processor installation at CPO in March 1966, 

IV-3 mcianc« ••rviovs division 
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sporadic loss of filter coefficients caused problems until the unit was taken 

off-line in September 1966 for interfacing with the Auxiliary Processor.    A 

lengthy discussion of the coefficient loss problem during the first contract 
5 

year is presented in Appendix A of CPO Quarterly Report No.  5.      Alsj 

included in this report is a discussion of a "no delay" fix installed in the 

processor.    Results of testing this fix showed that the processor could sur- 

vive a type of transient which previously had been found to cause coefficient 

losses. 

However, after installation of the processor in December 

1966, coefficient losses were still encountered.    Further investigations 

showed the losses were due not only to power-line transients but also to a 

severe ground-loop problem.    To alleviate this problem, the following modi- 

fications were incorporated in the processor. 

• The paper-tape reader logic-ground connection was 

moved inside the MCF to the terminal strip which 

supplies power to the Auxiliary Processor 

• The logic-power wiring was moved to the paper- 

tape reader so that it was not routed through the 

controller drawer (the three cabinets also were 

gromdnsd) 

• The printer-logic ground was removed to the 

controll« * drawer and reconnected at the power 

supply 

Since these modifications, three coefficient losses were 

reported between January U and February 14.   On February 14, the system 

we« modified again by  changing the grounding cm the time input.    After this 

modification, the processor was operatioMl at the statioa until April 1H7 

with only on« coefficient loss occurring on March 7 during a severe electrical 
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■torm.    Th« reforr.  i. can be concluded that the »dditton»! modificatione made 

have eieentially eliminated the coefficiert-loat problem. 

4.   Technical Evaluation 

ft.   Event Detection 

To examine the increeee in detection capability afforded the 

CPO analyate by the MCF proceeeor, a etudy wae performed to determine 

how many • Jditional event* the analyete could detect aelng the MCF data 

than they could without uaing the MCF data.   In thle etudy. analyate compiled 

two separate events liete.   One of theee liete IM compiled ucmg only the 

MCF date and the other liet wee compiled uiing the primary and »econdary 

data excluding the MCF tracee.    Reeulte of their study are eummariaed la 

Table IV-3. 

Table IV-3 demonetratee that the MCF addition to the obeer- 

vatory elgnlficantly increased the number of events reported.    Throagh 

September 1966, there wae an average monthly increase In events picked of 

70 percent compared with the station average fro« May 1965 through 

September 1966. 

Further demonstration of the increaeed detection caused by 

the Installation of the MCF is shown In Figure 1V.2, which shows the percep- 

tibility curves for CPO data for four different time periods:   before uae of 

the MCF, 1963'. June and July 1965; January. February and 1/2 of March 

1966; ard after th* use of th* MCF, February and March 1967.   TU* fifuro 

•how* that average perceptibility was lowered by a* much as 0.2 magnitude 

from th* spring of 1965 when tile analyst* went to CPO to March 1966 when 

the processor wa* inatalled.   Perceptibility was lowered by as much as 0.5 

magnitude from toe 1963. 1965, and 1966 data to the 1967 dato after the 

processor installation.   It Is apparent from this that th* processor ha* pro- 

duced a "learning effe-t" at CPO which caused toe large Increa** in primary 

IV.7 aatew** **rito*a o^f ton 



TabUIV.) 

COMPARISON OF EVENT DETECTION 

May tHS 

3m IMS 

JuJy 1HS 

Aag »965 

S«p< 1965 

Oet 1965 

No» 1965 

D«C r.»** 

Jan 1966 

r«b 1966 

Itor 1966 

Apr 1966 

May 1966 

Jttsa 1966 

July 1966 

Auf 1966 

Sapt 1966 

Oct 1966 

No* 1966 

DM 1966 

Jaa 1967 

r«b 1967 

Mar 1967 

Primary aad 
S^copdary 

Ul 

ITS 

Hi 

119 

110 

sot 

SIS 

191 

171 

519 

MCF ccnvmcntt 

506* 

SSt* 

559« 

601 

S6S 

567 

619 

610 

406 

599 MCF Uutallci 8 March 

461 

644 

649 

55S<50t)*\ Primary aad ■•coadary data 

S49<525).[*0ily'*dlnDaU*a 

655|550)*J MCF removed on SO Sept 

1)67 

6?f 

611 

Apr 1967 S41 (US)*      274* 

MCF installed SO Dec 

MCF event count inaccurate 
becauie of thretKold problem 

10 Mar analyst personnel 
change 

MCF removed oa 10 April. 
Station clo3»-out conducted 
during April 

• Adjusted for daye MCF off-hn« 
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and secondary reported events, as shown in the table. 

The fact that examination of MCF output data had an impact 

on the station analysts1 proficiency in event detection is significant.    The 

MCF improvement in number of reported events obtained during the last 

four months of MO' evaluation work was subsequently reduced considerably. 

February 1967, for example,   showed only a   7.8 percent increase.    However, 

as will be pointed out in the nnx* subcection, the MCF was still able to dem- 

onstrate as much as 27 percent increase in the number of reported and 

associated results as a function of A. 

b.   Event Association 

To further compaie the two lists of events, February and 

March 1967 data were studied to determine not only the increase in the uum- 

I^er of reported everts, but also the increase in the nunaber of associated 

events.    In this study, both lists were compared with known seismic events, 

and results were obtained which corupared events recorded and with respect 

magnitude, azimuth, delta, and seismic region (Figure IV-3). 

Table IV-4 presents number of events reported and missed 

vs magnitude and della ranges (in 10" increments).    It can be seen from this 

table that nearly all events of magnitude 2:4. 3 will be recorded in the ZO'-OO" 

range.    However,  several area» do exist in which the majorit/ of the events 

are not recorded. 

To explain this,  Figures IV- 4 through IV-7 wer-   plotted to 

show the areas producing seismic events which were recorded and mirsed 

at CPU.    Table IV-5 facilitates the interpretation of these figures. 

These figures show that CPO does not record many events 

from the northern hemisphere — notably from the far northern part of the 

North Atlantic Ridge and from the Aleutian and Kurile Islands. However, 

CPO does an excellent job of recording events from Mexico,  Central America, 
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CPO FEB & MARCH 1967 
MS3.7 

A EVENTS MISSED 
'Oo EVENTS RECORDED 

290 

280 

270* 

260 

90* 

250 

(80 

0 
I 
0 
I 

I 
I 
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EACH POINT REPRESENTS APPROXIMATELY FOUR EVENTS 
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Figure IV-7,    CPO Event Detection, M * 4. 4 
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Table IV-5 

CPO MAJOR EVENT PATTERNS OF RECORDING FOR 
FEBRUARY AND MARCH 1967 

Magnitude 

M «3,7 
(Figure IV-4) 

M = 3.8,  3.9, 4.0 
(Figure IV-5) 

M = 4.1,  4.2,  4.3 
(Figure IV-6) 

M a4. 4 
(Figure IV-7) 

Area     Pattern of Event Recording 

7 Majority recorded 

8 Gray area at 50° 

10        Majority recorded 

17 1  xssed 

18 Missed 

1 Missed 

3 Missed 

7 Z/3 recorded 

8 Gray area at 63° 

10 Majority recorded 

17 1/4 recorded 

18 Missed 

1 Missed 

2 Missed 

3 1/4 recorded 

7 Majority recorded 

8 2/3 recorded 
(majority of the events at 45° to 55° and in- 
land from coast are missed) 

10        Majority recorded 

17        1/2 recorded 

13        1/3 recorded 

Nearly all events in this magnitude range are 
recorded excluding nine from areas 1 and 2 
and several from groups 8 and 18 

c 
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and the northern part of South America,  with the exception of a few gray areas 

in South America. 

Examh.ation of Table IV-4 shows that the MCF list associated 

44 events not on the primary list.    No relationship couid be found between 

the 44 associated events and their magnitude, distance or location. 

An analysis of the event association da in Table IV~4 on the 

basis of A indicates a 27 percent increase in events detected by the MCF for 

the prime detection range of 80° to 90° (Table IV-6). The percent improve- 

ment drops to 9 percent for A = 20° to 30°, as would be expected on the basis 

of the MCF wavenumber response. 

A comparison between the MCF improvement and the MCF 

wavenumber  (k) response is shown in Figure IV-8.    The k response repre- 

sents the average isctropic response for MCF3 , MCF24 and IP10 WGS 

(filters applied on line during this period) at 1. 0 cps.    Data upon which this 

response is based was presented in Appendix A of CPU Annual Report No.   1. 

Figure IV-3 demonstrates reasonable agreement between the 

MCF improvement for associated events and the k response of the MCF 

coefficients. 

Since perceptibility at CPO had been lowered by as much as 

0. 5 magnitude for primary and secondary event reporting as a result of the 

MCF operation at CPO, it is significant that measurable imprcement is 

still demonstrated during the February ana i.larch 1967 MCF e/aluation 

period. 
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Table IV-6 

MCF ASSOCIATED EVENT IMPROVEMENT 

.< r^ 

IV-23 

A Percent db 

(O Improvement Impr ovement 

20-30 7 0 74 

30-40 11 0.94 

40-50 10 0.84 

50-60 15 1.18 

60-70 19 1.52 

70-80 18 1,40 

80-90 27 2.08 
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c.    Noise Study 

To study the amount of noise rejection achieved by the MCF, 

the following three noise samples were digitized and noise rejection curves 

were plotted. 

• Day 033 - quiet sample 

• Day 046  - normal sample 

• Day 046 - noisy sample 

These three samples were chosen as representative of the majority of the 

noise conditions at CPO, thus producing a good representation of how the 

processor would react under most conditions encountered. 

To compare the MCF's with each other and with previous 

off-line analysis, the responses were corrected as follows: 

• Correct all traces to absolute power relative to 

1. 0 mn   /cps at 1. 0 cps with Z-5 as reference by 

performing calibration analysis on each trace 

• Remove the effect of the processor (Figure IV-9) 

from each -race 

• Remove the effect of the '. 0- through 2. 0-cps 

passband filter (Figure IV-1) convolved with 

MCF1 and MCF2 

After removing these three factors from the MCF outputs and 

correcting trace Z-5 to absolute power, N   /N. curves were computed and 

are shown in Figures IV-10, IV-11 and IV-12 for the quiet, normal and 

noisy samples,  respectively.    Noise improvement shown in these illustra- 

tions is summarized in Table IV-7. 

Comparison of the data in Figures IV-10 through IV-12 with 

previous off-line analysis indicates that,  in general, the processor is 
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No/Ni 

e 
0 
0 

r 

i 

I 
I 
i 
I 
r 

1.0 2.0 3.0 
FREQUENCY (CPSI 

4.0 

Figure IV-11.    N  ,N. Curve» tor Day 046  - .Jormal Sample 
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Table IV-7 

NOISE IMPROVEMENTS FOR QUIET,  NORMAL, AND NOISY SAMPLES 

Noise Type Filter 
Noise Improvement 

(0.6 to 1.4-cps range) 
Noise Improvement 

(1.4 to 4. 0-cps range) 

Low-level MCF1 2. 5 to 7. 0 db 5.1 to 14.2 db 
(Figure V-2) 

MCF2 2.5 to 7.0 db 3.7 to 14.2 db 

MCF3 5.7 to 17.0 db 11.5 to 18.0 db 

MCF4 5.1 to 11.5 db 1.9 to 12.4 db 

Average level MCF1 3.0 to 8.7 db 3.5 to 15.0 db 
(Figure V-3) 

MCF2 3.0 to 8.7 db 4.3 to 15.6 db 

MCF3 6.0 to 12.6 db 8.6 to 18.6 db 

MCF4 5.8 to 8.3 db 6.3 to 16.7 db 

High level MCF1 1.8 to 8.9 db 5. 1 to 15.2 db 
(Figure V- 4) 

MCF2 0 to 7.5 db 4.7 to 16.9 db 

MCF3 3.9 to 12.4 db 10.5 to 18.2 db 

MCF4 4.7 to 9.0 db 3.7 to 15.2 db 

Off-line MCF1 10 to 16 db 11.3 to 21.4 db 
analysis (MCF3) 

MCF2 8.9 to 15.9 db 11. 1 to 19,6 db 
(1P10 WGS) 

MCF3 10 to 16 db 11.3 to 21.4 db 
(MCF3) 

MCF4 7.3 to 10.4 db 8.3 to 12.7 db 
(MCF24) 
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obtaining good noi»e «uppreBsion consistent with previously developed off- 

line data. However, indications are that there may be small inaccuracies 

in the on-line processed data, for example: 

• MCF1 and MCF3 results should be identical once 

frequency-filtering effects are removed 

• From previous results MCF3 and IP 10 WGS should 

produce comparable results on the average, which 

is not the case here 

The discrepancies seem to be in data which has had frequency filtering 

effects removed (MCF1 and MCF2).    It is suspected that there may be a 

3 to 4 db error in this data, but attempts to confirm this were unsuccessful. 

In summary, the data indicates that the MCF was obtaining 

the expected improvement in noise suppression on all trace outputs if the 

assumption regarding MCF1 and MCF2 is correct.    In the primary signal 

frequency band of 0. 6 to 1. 4 cps from 3. 0 to 17. 0 db improvement was 

obtained, and at higher frequencies of 1. 4 to 4. 0 cps    from 1. 9 to 18. 2 db 

of improvement was obtained for the samples studied. 

To compare the output of the processor with a standard out- 

put (single trace,  ET-straight sum, ETF-straight sum bandpass filtered 1. 0 

through 2.0 cps with 18 db/octave slope), microseism curves were computed 

for the processor's output.    This section presents the results of the com- 

parison. 

The comparison between MCF1 and IvICF2 and E TF and the 

comparison between MCF3 and MCF4 and ET are important in this study. 

Figures IV-13 and IV-14 present the comparison between MCF1 and MCF2 

and ETF with Z-8 included as a reference trace.    Figures IV-15 and IV-16 

present the comparison between MCF3 and MCF4 and ET with Z-8 again 

included for a reference trace. 
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Figure IV-13 shows a 6. 0 db improvement at the 50-percent 

level when comparing MCF1 and MCF2 with Z TF trace.    Similarly,  Figure 

IV-14 shows a 3. 3-db improvement for the MCF's.    Fipire IV-15 shows a 

7. 3-db improvement at the 50-percent level when comparing MCF3 and MCF4 

with the ET trace.    Similarly,  Figure IV-16 shows a 2.4-db improvement for 

the MCF's.    Averaging the results for the four figures gives an MCF improve- 

ment of 4. 75 db.    Therefore,  it is obvious that the MCF's are better than the 

ET and ETF traces for signal detection in the presence of microseismic 

activity. 

5.    Conclusions and Recommendations 

Based on the analysis of the processor operation during the 

two contract years, the following conclusions have been reached: 

r s was done at CPO for the last 4 mo.  of the contract 

• The processor may be maintained by a trained technician 

• Use of the processor indicates empirically a personnel 

decrease of one person required in the station analysis 

section ao a result of increased ease in detecting events 

and in identifying event phases and direction 

• At the CPO site, no apparent   ieed was evident which 

warranted the updating of the MCF's since consistent noise 

suppression was found during both contract years 

• The processor increased the analysts' detection capability, . 

but the CPO station still did not report events from the 

northern henmisphere p 

I 
From this study several recommendations based both on the 

results obtained from evaluating the data in the seismic research areas in 

IV-36 sclsnce services division 

I 
r 



I 
( 

I 
I 
I 
I 

r 

0 
ß 
I 

the Dallas center and from analysts' evaluation of the processor as an aid in 

event detection, are 

• Primary on-line evaluation should be performed using 

the MCF data rather than secondary or primary data. 

Increased MCF S/N improvement has a definite impact 

on station-detectior capability. 

• Use of the beam-steer capability in small arrays is useful 

even when resolution is limited.    Analysts statea that when 

the additional beam-steer traces were compared with each 

other and with the four MCF output traces, they gave a 

better indication of the presence of evento, and verified 

the presence of a suspicious signal or phase carried on 

all the traces.    Also,   some useful resolution is obtained 

for low-velocity signals from local or regional events. 

• The bandpass filter used at CPO had too narrow a passband 

and was limiting analysis,  since it was rejecting a signifi- 

cant portion of some signals.    A passband of 0. 6 to 2. 0 

cps is recommended. 

• All beam-steer and MCF outputs should use frequency 

filters with the same passband. 

B.    AUXILIARY PROCESSOR 

1.    Description 

The design philosophy and general appearance of the Auxiliary 

Processor was modeled after the MCF processor.    The unit is composed on 

an 80-in.   single bay rack containing arithmetic,  output and controller 

drawers.    The spare rack space in the Auxiliary Processor may be used 

for support equipment,   such as the paper tape reader or other test equipment. 

I 
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All input data signals are derived from the basic MCF as 

• Fisher Process 

Normalization constants Nl and N2 are variable 

from 0 to 777  .    History length (gate length of 
B 

computation) may be selected from 0 to 999 points. 

• UK Process 

History length is variable from 0 to 999 points, 

and selection of the 4 beam-steers (2 each for 

UKO and UK1) is provided. 

IV_38 sotono« ••rvlo*a division 

r 

follows:   the Wiener power process derives its input from the MCF1-4 cut- 

puts, the Fisher process accepts single-channel data from the MCFO output, 

and the UK process derives its input from two selectable beam-steer outputs. [ 
The processor outputs are converted from digital-to-analog 

using the same type converter as those used in the MCF {.rocessor.    The 

processor outputs are summarized as: ., 
I 

• One Fisher output trace 

• Two UK output traces corresponding to two 

programed area locations 

• Four Wiener power traces corresponding to { 

the MCF1-4 output   races 

• One Fisher threshold tra-e corresponding to 

the Fisher output trace 

• Four Wiener threshold traces corresponding 

to the four Wiener power traces 

The program selection for the processor is determined by 

several panel-mounted switches.    The following variables may be programed: 

I 

i 

! 

I 
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• Wiener Power Process 

History length specitiable in R interval,  0 to 99, 

and S samples,   0 to 99, where the gate is deter- 

mined by R intervals of S samples each. 

• Threshold Detectors 

Independently variable threshold levels are 

programable from 0 to "^^T   . 

2.    Operation 

Once the Auxiliary Processor system was initially programed, 

adjustment was limited to daily changes of the threshold-level detection 

switches for the Fisher and Wiener outputs.    However,   several problems 

were encountered in the initial programing.    These were determining the 

input data truncation switch for the Fisher Process, the Fisher intermediate 

summation truncate switch, the Fisher transform constant N2,  and the 

method for accurately setting the threshold level switches.    Recommendations 

for simplifying the set-up and operation of the system are presented in 

Section IV-B4. 

The Auxiliary Processor was operational on-line at CPO from 

. 30 December 1966 to 10 April 1967.    Table IV-8 presents a summary of the 

fixed program employed I    the digital MCF and Auxiliary Processor during 

f. this time period.    Table IV-1 presented a summary of the MCF's and beam- 

steers employed in the processor. 

I 

3.    Hardware Evaluation 

The CPO Auxiliary Processor is a highly reliable digital 

processing device.    During its operation at CPO (over 3 months) not one 

failure occurred.    This represented an operating time of approximately 

2900 hr.     For future operations this unit should continue to be quite reliable 

IV-39 solcno« ■•rvio«s division 



Table IV-8 

PROCESSOR PROGRAM DATA 

MCF PROCESSOR 

Channels 

Filter points 

Multichannel filters 

Beam-steers 

Signal conditioner 

Ü-A converter 

Beam-steer history 

Time delay 

AUXILIARY PROCESSOR 

19 

57 

5 

9 

All O's 

Channels   0 to   4   = 
Channels 11 to 14 = 

'.5 

28 

3 
3 

Arithmetic drawer UKO 56 
UK1 78 
UK history 60 
Fisher Nl 777 

208 
608 

Fisher N2 
Fisher history 
MCF Power R = 60,  S = 1 

Output drawer UKO -3 
UK1 -3 
MCFO -4 
MCF1 -4 
MCF2 -3 
MCF3 -3 
Fisher -15 

Data trucate Fish-r •-3 
switches UK -2 

MCF power -2 

Fisher summation 
truncate switch 

Note:   Threshold switches were varied on a daily basis. 
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since it consists entirely of solid-state hardware with the exception of the 

blower motor. 

Little maintenance experience was gained on the unit due to 

its high reliability.    Once installation and operational checkout was complete, 

processor maintenance was limited to routine operations. 

During the on-site installation and checkout,   some knowledge 

of the processor maintenance was gained.    The following conclusions were 

drawn 'rom this limited experience: 

• The processor can be maintained by an individual 

trained in MCF maintenance if he reads and under- 

stands the handbook 

• The computer wire list provided with the system is 

adequate but cumbersome to use 

4.    Technical Evaluation 

a.    Automatic Detection 

Two problems were encountered at CPO in implementing and 

evaluating automatic on-line detection with the Auxiliary Processor system. 

One problem was that the defined detection threshold for a fixed false-alarm 

rate was highly variable.    The other was that the method used for determina- 

tion of the threshold levels was inaccurate and cumbersome. 

These two problems interrelate since the time variability 

problem could have been partially overcome by adjusting the detection thresh- 

old settings often, but a rapid and accurate technique for determining the 

desired threshold level for a fixed false-alarm rate was not available with 

the existing hardware and setup.    The inaccuracy of the threshold determina- 

tion techniqav ■ could have been overcome by record    \ outputs on FM tape 

and conducting off-line analysis to determine the de        d levels, but this was 
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useless due to the non-time stationarity of the Fisher and Wiener power output 

noise distribution. 

A procedure was adopted at CPO to update the threshold Wels 

on a daily basis.    This procedure established an approximate representation 

of the output noise distribution in terms of the daily threshold-level setting. 

Exact cause of the variation in output levels is not known at 

this time; however,  it is reasonable to suspect several sources.    In the case 

of the Fisher process,  changes in the mantle P-wave noise level and in the 

level of the trapped-mode noise are probably the most significant contributors. 

Mantle P-wave noise v.. ,r(.ability as well as changes in trapped-mode noise 

direction could affect the Wiener detection outputs. 

Results from the CPO noise analysis indicated that the pre- 

dominate trapped-mode noise components remained stationary over the anal- 

ysis period.    However,  indications were that the intensity of the various com- 

ponents varied; such a variation would reasonably affect the Fisher distribu- 

tion. 

Determination of the desired threshold level for the Fisher 

and Wiener power outputs would normally be based upou a fixed false-alarm 

rate which could be determined from knowledge of the detection output dis- 

tribution values, assuming that the distribution remains stationary over a 

reasonable period,   such as a season.    Under this assumption,  off-line 

processing of detection output data would be reasonable to determine the 

amplitude distribution and subsequently the desired threshold.    Detection 

output data could be collected on FM tape, digitized and the distribution 

computed. 

Since the apparent amplitude distributions at CPO were 

non-time stationary over periods as short as hours, ruling out off-line 

processing for level determination, an on-line procedure was established 
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which,  in effect, was a trade-off between accuracy and ipetid.    Thii procedure, 

although performed daily and more often if required,  proved to be inadequate 

to handle the non-time stationarity problem.    Probably this was due in part 

to inaccuracy. 

The procedure determined the mean amplitude value from a 

5-min period of noise using five noise measure^nents at approximately l-min 

intervals.    Each measurement was made over 10-sec of data and involved 

determining the amplitude value of the peaks and troughs and arrangüig them 

to obtain a mean output level.    The five measurements were arranged to 

determine the daily mean value for each detection output.    The mean was then 

multiplied by a constant to determine the threshold value.    Several constants 

were tried,  based upon an assumed distribution, with the constant 2. 5 deter- 

mined best from observed data. 

In practice, this technique was limited by the absence of an 

accurate vertical scale on the Develocorder.    A make-shift scale was applied 

to the film by placing the output D-A switches for the Fisher and Wiener 

power outputs in the "+" and "0" test modes.    This produced a zero and maxi- 

mum value {'77  ) on the fi1 -a whi   h could be used as a scale.    When in this 

test mode,,  Fisher and Wiener power data are not output. 

Since problems were encountered using the automatic detection 

thresholds,  an attempt was made to analyze the Wiener power and Fisher 

outputs for detection purposes.    This proved to be unsatisfactory to the sta- 

tion analysts because the effect of smoothing of the integration gate destroyed 

signal energy content and waveform,  and made the transition from noise to 

signal areas lor small events quite gradual contrasted to the normal sharp 

break detectable for a P-wave arrival.    Also, the "event signatures" which 

were commonly used to detect low-level signals were not easily recognized 

after detection processing. 

In addition, the absence of a zero level for each of the traces 
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made it difficiut to determine visually relative amplitude on the trace data. "^ 

Limited comparisons of the Fisher and Wiener power process- 

ing at CPO were made by the observatory analysts while attempting to analyse 

these data for event detection,  including: 

•   For high velocity signals, the ratio of the peak signal 

output to the RMS statistic is larger for the MCF 

processes than for the Fisher output (Figures IV-17 

and IV-18) 
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I •    The Fisher signal response to quarry blasts shows 

the Fisher outputs to be unaffected by P- and S-wave 

energy falling in the velocity ranges 6. 1 to 8. km^sec 

and 3.25 to 3.51 km/sec,  respectively (Figure IV-19) 

The Fisher signal response property was also investigated in 

off-line research (Section V) and found to decrease rapidly with increasing 

waveuumber.    This property proved quite useful at CPO for distinguishing 

local and near regional events from teleseismic P-wave energy and on sev- 

eral occasions aided in detecting teleseismic P-wave  energy during quarry- 

blast arrivals. 

b.    Classification 

I 

Analysis ot the two UK outputs at CPO indicat?d that the 

British Classification scheme could be effectively applied on-line.   However» 

three limitations exist, two caused by the present implementation and the 

other caused by CPO noise properties.    These limitations are 

•   The two UK output! are computed from a fixed program 

which in essence restricts classification work to two 

signal sources.    At CPO the outputs were computed for 

NTS and for Russia. 
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During Known Signal Condition« 
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• Classification based upon the UK scheme requires preser- 

vati m of signal waveform.    The MCF —Auxiliary Processor 

system is limited to 72-db dynamic range on input (12 bits). 

Since this system is used primarily for detection based 

upon suppression of coherent noine. the input noise level 

must be sufficiently high to insure adequate noise statistics 

for MCF processing.    Thus, large signals are clipped on 

input or during irtermediate computations. 

• The UK technique is designed for application to intermediate 

size crossarray data (approximately 20 km) to insure ade- 

quate resolution and an uncorrelated ambient noise field. 

The CPO array (3. 6 km dia) violated the assumption of 

uncorrelated n use and provided very poor directional 

velocity resolution. 

At CPO the UK portion of the processor was programed for 

maximum waveform preservation within the limitation of having the input 

data gain setting optimized for MCF programing.    Thus, the UK input data 

truncation switches were set such that a 12-bit signal on input to the MCF 

(maximum P-P without clipping) would be processed by the UK computation 

and output without clipping.    This set-up was considered optimum for the 

classification computation since waveform preservation is most important. 

However, with the Develocorder adjusted to a measurable gain level, modu- 

lation of low-level signal was poor. 

Because of the limitations discussed above,  sufficient data 

were not collected under this task to conduct a study of the UK classification 

scheme.    Considerable information for advancing the state-of-the-art 

real-time automatic detection processing was gained by the implementation 

and evaluation of the CPO Auxiliary Processor.    Both the Wiener power and 

Fisher statistic computations appear to be useful for detection purposes. 
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n u but completely automatic detection should be accomplished with an adaptive 

H threshold device.    Su':h a device can be easily incorporated into the existing 

hardware with a relatively minor modification. 

Little information was gained from computation of the UK 

technique on-linr at CPO.    The adverse array properties and dynamic range 

problem coupled with the sparseness of desired events severely limited the 

necessary library of events required for this study. 

Off-line Dallas-supported research complemented the 

m on-line evaluation and provided a more comprehensive vuiderstanding of 

on-line Fisher and Wiener automatic detection processing. 

In order to simplify initial set-up and operation of the 

Auxiliary Processor system, the following changes are recommended for 

possible future systems.    Most of these could be easily incorporated into 

the existing hardware with only minor modifications.    The threshold detector 

change is considered essential for proper operation of the systems as an 

automatic detection device.    Recommended changes are 

• Setting the Fisher transform constant Nl to a fixed 

value of 777    in order that the maximum Fisher output 

value will equal the maximum output number (9 bits). 

Gain control would still be available in the Fisher D-A 

switch. 

0*    Setting the Fisher transform constant N2 to a fixed value 

of 20Q since,  from what is now known about the expected 
8 

n size of F for array data, this value insures adequate 

number significance between \rue Fisher values and 

transformed Fisher output values. 

• Providing a test mode for displaying the Fisher inter- 

mediate terms Kl, K2 and K3 in ora«?r to facilitate 
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■etting the Fisher input and intermediate data truncation ' 

switches.    These terms coulc be displayed on the Wiener f 

power outputs when in the test mode. ' 

•   Providing an input channel selection capability for the 

Fisher input.    At present all MCF input channels used 

in any beam-steer output are used in the F computation. 

For example, if it were desired to input a 3-component 

sensor to the MCF for the purpose of frequency filtering, 

delaying and displaying adjacent to the MCF data, these 

inputs would currently be included in the F computation. 

•   The threshold level switches for the Wiener and Fishtr r 

outputs should be modified to be adaptive rather thaa 

fixed outputs.   A suitable approach would be the incor- r 

poration of an adaptive threshold device Into the existing 

hardware which could be made to adapt to data history, r 

thus insuring a rel .Hvely consistent false-alarm rate. 

By using an on-line adaptive algorithm to update the threshold 1 «vels -oo- 

stantly, problems in neasuring distribution, etc. could be avoidad.   OiUy 

the specification of a constant multiplier to be appl ed to some output property 

such as the mean value weald be required. 
■ 

CPO Special Report No.  5    presents an adaptive threshold 

algorithm which is recommended for incorporation into the existing 

Auxiliary Processor. 
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SECTION V 

RESCAACH 

R«l«*reb cooducltd during lb* U«t coolräct y«*r primarily 

• upporUd OB-IIMI op«rAtloD of tJM MCF-AuirtlUry Proc«t«or •y*i»m and Is- 

clod«d A cootlatutioo of UM «mbltni oolt» ttudy bagwi durlag UM flrtt cootraci 

ro*r uador VT/40S4 «ad «a O<I-IIM lnv«*ttf«tU>a of dotoetloo procotolaf to la- 

clod« op*'mum p«r«motor •poclllcottooa «od oppltod Flobor roooorch.   la oddtt- 

ilon.  o utk wot aBdori«k«n to oohooc« Iho vituol dUpUy of tottmlc lUt«. 

Ttto followiag porogropht dlccuot ooch of iH#i» thro« tooko.    »n 

tho eato of UM tmbtoBl not«« •tody owl UM dotoctto« procottlat.  rotoorcb ro- 

•ttUo oro oaly •ummorttod tloc« dotoUo of UMOO Uoko kovo Woa docotn—ltd 

ia CPO SpocUl Roportt No.   1 «ad S. ro«poettv«ty. 6'l 

A.   AMBIENT NOISE STUDY 
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« fiMKtloo of UOM I« Mcotfttry tor opUmum o^orolio« of UM MCF 
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trt«oi ooU« «trNCtmr« chug«« la Umo, UM ftltor« raoot bo «faUMclMd to 

UM tutttitct ,«f lid« el 

tavooU^lteo ol tb« CPO eelt« piop«ftf«l bofM lb« ftr«t «OMMM 

yMt (VT/m«) «M mm» caoUao«d dartag UM «ocaad foor (YT/47 Hh   Ao«»»« 
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intensity of the low-pressure areas and the increase in power at the lower 

frequencies.    Fluctuations in the power level were also not-d in the frequency 

band 2.25 to 2.75 cps and were probably due to local cultural activity and 

weather conditions. 

2.    3-Dimensional Noise Power-Density Spectra 

Analysis of the 3-dimensional noise power spectra for CPO 

shows that several spatially organized noise sources exist in the frequency 

range 0. 25 to 2. 25 cps.    To show that the bpatially organized noise field 

has remained time-stationary over the extended time period of 1963 through 

1965 except for changes which occur during periods of low pressure and when 

tropical storms exist at sea,    Figures   V-4   through    V-8   are presented. 

Figure   V-4   presents spectra for the 1963 daia,  and   V-5    through    V-8 

present 18 sets of spectra for 1965.    These spectra clearly show the time 

stationarity of the noise field. 

At frequencies below 1. Ü cps,  the main contributor to the 

organized noise field is high-velocity mantle P-wave energy and noise gen- 

erated in the area of the Atlantic Coast.  Gulf of Mexico,   and possibly the 

Great Lakes region. 

I 
( 

! 

i 

Narrowband filtered playbacks    ' the ambient noise (Figure V-9) 

indicate that the long-period energy traveling fron the direction of the coastline 

propagates across the array with an apparent horizontal velocity of approxi- 

mately 3. 2 km/sec.    This velocity closely agrees with the previously developed 

dispersion curves for Rayleigh-wave energy at CPO.    Results <*lso show that 

the contribution from the direction of the coastline becomes significantly large 

s 
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Figure V-4.   CPO Ambient Nulst Frequency-Wavenumber 
Spectrum,   1963 Average Noise Sample  
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with th© development of low-preteure areas at sea.    This increase in power can 

be detected at frequencies as high as 1.75 cps. 

The 3-dimensional power-density spectra also show the existence 

of several coherent noise source» in various directions around O'O in the fre- 

quency range I. 25 to 2. 25 cps which propagate across the array with an apparent 

horisonUl velocity of approximately 3 km/sec,    The predominate noise contri- 

bution comes from a N-NW direction,  an area of numerous streams and dams; 

but a definite generating source could not be assigned to any of the coherent 

noise due to the lack of information concerning possible generating sources in 

the various directions around CPO.    The various coherent noise sources seem 

to remain time-stationary except for slight power fluctuations. 

Prediction-filtering results indicate that the percentage of 

spatially coherent noise changes significantly with the occurrence of tropical 

storms and low-pressure areas off the coastline,  indicating an increase in 

the spatially organiied noise for all frequencies below 1.75 cps.    This in- 

crease in the spatially organized noise for all .'requencies below 1.75 cps. 

This Increase is comparable to an equivalent pover increase in the single- 

channel power-density spectr* during the same time period. 

3.    High-Velocity 3-dlmenslonal Noise Power-Density Spectra 

A study investigating ambient-noise properties in the signal- 

velocity regions of wavunumber space was conducted using high-resolution 

wavenumber spectra techniques.    A strong coherent noise lobe in the signal- 

velocity region decreases the S/N ratio for signals from that direction. 

In the velocity region of interest (velocities greater than or 

equal to 8. 1 km/sec), the mantle P-wave energy is a strong contributor of 

power to the spatially coherent ambient-noise field in the frequency band of 

V-21 mo\mnom ••rvloss division 
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interest. Figures V-10 through V-12 were calculated for various directions 

and velocities of the signal region. In each case, the distributions approach 

the estimated mantle P-wave noise level. 

The 1. 0-cps energy is particularly interesting,  since it was 

found to be highly directional.   Predominant 1. 0-cps energy could be detected 

from the south or Gulf Coast area for all velocities studied.   Also,  significant 

1. 0-cps energy from S60oW exists with a velocity greater than or equal to 

1. 26 km/sec. 

At 1.25 cps, the most significant noise eneigy appears to 

arrive from the direction of the Great Lakes region with velocities of approxi- 

mately 8. 1 km/sec.    Directional properties for the P-wave contribution at 

other frequencies appear to be random for the higher velocities. 

V-22 science services division 
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4.    Implication on MCF On-Line Processing l 

Results of this noise study indicate that on-line multichannel 

processing can be effectively conducted at CPO.    Furthermore, they indicate 

that a multichannel filter (MCF) designed from ensemble or average noise 

can be effectively used over extended periods of time.    However,  during periods 

of low pressure or storms at sea,  greater efficiency iray be acquired by using 

a filter designed from corresponding data. 

The high-resolution power spectra ovf;r the high-velocity noise 

regions presented results which exhibit a possible interference with certain 

incoming signals.    This noise energy propagates from the south or Gulf Coast 

region and, therefore,  during the mentioned disturbances at sea,  cculd reduce 

signals from this direction with the same apparent P-wave velocity. I 
I 
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Figure V-10.   Directional Power Distribution of CPO P-Wave 
Energy at 8. 1 km/sec   
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TMt MMÜ !• dt.ctt*»«d la ih« tlgMl-to-noU« ttudy pr«««ttl«d 

In th« CPO AnauAl fUpoii No.   I.      How«v«r. It It ImporiMit to not« t**t tk« 

low-»od high-vtloclty nol»« prop*g*U from th« •«m« dlrcctioa «ad proUbl> 

CM b« Attributed to tw« MflM iourc«. 

S.   Somtnary «ad Coaetoatea« 

R««ulti of thit «tudy hav« cbown that Ut« aaibfaM-aola* (Uld *t 

CPU h*i not cbftagod •ifninc«otiy o*«r «stcndcd timo porlod«.  nor b*« it chaafod 

on a dally or ■aatflaal ba«U*   Haaravor» thor« U a cbaagt la ib« noli« hold 

wblcb can b« roUtad to BdcrotoUmo gaaaratad «loag UM Allane «ad OuU 

Coa«t rofloa« *nd. potflblf. tha Oraat Lalwt roglaa. 

Tb««« rotuJtt Imply tlMU aa *€cur*u modollag of tb« CPO aoloa 

Raid caa b« aoad to g«aor«t« A multicbaanol fUtar «at wblcb can b« aood la a 

DldCr procaaaor to ra)o€t «mblaot nciU« tbrougboot UM yaar. aacapt for peri- 

ods of lataaa« mlcrotalomlc activity. 

B.   DC.ECTIOHPROCESaiHO f 

la caa^^etioa wUb tbo oporaUoa of tte AoxUlary Procaaao/ at 

CPO,  ra»p«rcb vat pcrformad la Dallaa to datarmlaa UM paramet«ra to ba 

wtib tb« dlff«r«al prvcaf»«« «ad to itudy ihm «ffact* of varying tba«a paia«S9la#a. 

I.   ParaBMtor SyclflcaHaa« 

Of rlKnary Importaaca In lÄa on-ltoa op«r«tloa ol UM AodUary 

l^roeaaaor la UM correct cbeica of oparatlm paraa^ajr«. R«aaarcb la OaUa« 

ba« raaattad la tb« dat«.*«ata«Uoe ol two opUrmun paratiMtor« -Ik« tlga*! g*«« 

laagtb and tb« corn.r fra^aaacy for MCFO ttba prafUtar far UM Flabar procaa«) 

a.    Opt&flMttn Oata L«aglk 

To dM«rartM UM opUawai g«ta tangtb for UM fi«b«f «ad sri«oai 

campataHow«. a «tady »aa porformad la dctormlna UM «OM diiatlaa of b« pri- 

mary P-wa»a algnal from rocordad t«l«aalama.   Tim« darattoa I« tmportoat 

baxauaa tha proc«*t«c ara optlmU»d »K#n tb«lr enwiyitltlnii gata langtb ■fa«li 
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UM ilgMl tfaf«Ho«.   A VIMAI «Mly«l« ol §7 i«l«*«i«mf 9hamm4 • P*pttlM OWM 

•IgMl tfaruto« oli. 90 0M «»4 a mUile« to F-püM •tf»ü torfttfcM of UfO 

Mt«   A« • rcftoU oJ IM« tt«4y. UM g««« t«M0 ■•• llMpi «• !• 0 tM.   Aller 

iMc *4)«Mtjf»«M, *a*iT«u r«port«4 4ua M«l«r to *MlfM, HM« Ik« ^MMMO 

fr«««« («otoMy UM rahmt) «Mt» mfeUlM4, M4 iM Ml MtMtato M ««U M 

rui«f 

S#v«f*l Ww««! Rtiftr» «IUI MTTtaf MrMr tr«4|iM«cl«t 

wle^ttf to 4M«rinlM UM oyltWMi lMh-c«l lUtftr I» W ^«4 ta UM MCFO 

MM of UM prMMMr.   TW ctekt «f ifeU fllur It MUMMlf In^onMl ttec« II 

U UM ^«lilitr for UM FUlMr tdbrootto«. «JMI fUurtef of UM tep« 4*u M UM 

rulMr precfttt U McvtMTf la er4«r t« r«nMM« httHty-cor r*tal«4 

cf irtc rosalMBle MMrgf. 

TIM UH*f • wtlh 0. ?$-.   1. 0- «M 1. 24-cp« MHMr 

«or« «^tU4 off-liM to a CPO UMM«IIMI 

coinp^ii tor Me* of UM ikroo cooor.   At««lu of Urtt procoaataf l^w«« M I 

ootwotort^i Utrftotfool turn &rm to rigafa y.»«   rtfora V*!! stom ttet UM 

optiumm Wm^m prmtlUmt litooM tevo « corvrr (r»<,«««? «rf 0. T» to I.M ep*. 

Oraotor ftappriftttoo of e*   «r»itt msi— coold IM otoitooil fcf 

etoootog • AMor «ilk « sotMr fro^ooMy Mflwr Utoa 9,71 cpo* ^* M* 

c«tt«« «atcmftlv» •i(Ml dftgrft4ftttoo otoeo tto pUJMIIlfcUli poritim of l*» 

M«*Uy eccara iMlwoto 0, 6 «og 1. 0 cpo. 

M« tevccilgfttftd to 

UM ruhor BOU* ««irtMttoo fl 

Afttri- t«1»rpr»ttog ftgmrft V-1J 
pr«»«at«g to UU« rofort. UM terlftootol tcolo^ *rt oot 

too c «r*#• fltof opjiir Mry ttmilor. UMlr ir«c too IM tour- 
to« tool «oiMrol toclMft mt !*• Hert»«iiAJ MOI«. 
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/requency filtering) and maintaining adequate signal energy.    The average CPO 

signal spectrum was computed for an ensemble of Kurile Islands' events de- 

velopei under Contract AF 33(tj7)-12747 and is shown in Figure V-14.   Peak 

signal energy occurs at 0. 68 cps.    Since this result could be tuned to the Kurlla 

Islands region and not represent an average of the CPO predominant P-wave 

energy,  additional P-wave data were derived from the CPO standard analysis 

forms.    An average predominate P-wave frequency of 0. 82 cps was determined 

from one month of standard station report data. 

Based on the Fisher noise output di t.   öution and with the know- 

ledge tha. the peak signal spectrum lies between 0. 68 and 0. 82 cps,  the 0.75- 

cps low-cut filter was chosen for on-line application. 

2.    Fisher Noise Properties 

a.    Threshold Non-Time Stationarity 

The Fisher output noise distribution non-time stationarity was 

studied.    Four noise samples,  I,  II,  III,  and IV,  were chosen for processing 

from the 1965 CPO library (Figure V-15) and represent the different types of 

noise backgrounds encountered at CPO (low-I, medium-II and III,  and high-IV). 

The Fisher statistic for the four samples is shown in Figure V-16.    These il- 

lustrations show the Fisher statistic to be larger fcr high noise (sample IV) 

and smaller for the other samples. 

Although sample I is of low-level noise,  its Fisher statistic is 

larger than those from samples II and III.    While the cause for this is unknown, 

it is possible that the mantle P-wave noise level was much higher for sample I 

than for samples II and III,  causing this result. 

Figure V-16 shows that the large majority of Fisher values (the 

50-percent level) occur at approximately F=2. 0.    This value closely agrees 

with that published in earlier work on the Fisher statistic.    The real signifi- 

cance of this data is that the cumulative distribution in Figure V-16 shows that 
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-20 X 
1.0 

NUMBER SIGNALS- 73 

DATE 27 SEPT. 1963 - 18 OCT. 1963 

1^-3.8-8.0 

DEPTH - 25 - 80 km 

A- 85° 
AZIMUTH-323° 

1 i. 1 
4.0 2.0 3.0 

f (cps) 
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Figure V-15. Noise Samples I,  II,  HI,  and IV from 1965 CPO Noise Library 
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the threshold level for fixed false-alarm rate Is variable And not strongly re- 

lated to the power density spectrum of the ambient noise. 

b.   Effect of Correlated Noise on the Fisher Statistic 

To study the effect of correlated noise on the Fisher Statistic 

(which assumes a spatially random noise distribution), a sample recorded in 

1963 was processed.    The nofse sample is shown In Figure V-17 and the cumu- 

lative distribution of Us Fisher statistic using no filter and for corner frequen- 

cies of 0. 75,   1. 0 and 1. 2 cps is plotted in Figure V-18.    Results are similar 

to those presented in Figure V-13 and indicate that the correlated noise strong- 

ly effects the Fisher output statistic below 1. 0 cps. 

Attempts to correlate the distribution changes to noise predicta- 

bility were unsuccessful.    Present estimates of the mantle P-wave noise spec- 

trum indicate that thH energy is predominate at lower frequencies and rapi-dy 

decays up to I. 0 to I. 4 cps which could significantly affect the Fisher and Weiner 

outputs below 1. 0 cps. 

3.    Fisher Signal Properties 

A set of theoretical white signal wavelets was generated to de- 

termine the reUtion between Fisher output value and signal velocity.    These 

wavelets were generated for infinite apparent horleontal velocity and apparent 

horiaontal velocities of 25.   12 and 8 km/sec.    Aalmuthal directions were chosen 

so that the signals would be Incident to the array at points of maximum (180  ) 

and minimum (270°) values of the array response.    The wavelets were synthe- 

tically added  o the theoretical noise sample and the Fisher statistic computed. 

Figure V-19 is an example of the noise plus wavelet for the Infinite velocity 

case.    The cumulative Fisher distributions are shown In Figure V-20.    From 

Figure V-20 two conclusions are drawn: 

•   For a given velocity,  the direction has very little effect on the 

Fisher values.    This resuT. is expected due to the near sym- 

metry of the CPO array. 

[ 
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•   Tb« tU« of UM Tithmr v«luc« rapidly lacr«**« *• ihm 

of th« Incident tlga*! l»cr»A»«t. 

C.   IMPROVEMINT OT VISUAL DATA OtSPLAT 

Tho purpQft of «hi« Usk wot to improve victi4l Ovvolocordor 

dAU ditpUyt la ordor to Aid tUUoo ASAifstt Is tMtrpfotAttoa of ov«M ArrtvAl«. 

Two ApproAcb«« to ÜüA uskt w«r« »tttdlod.    Th« first of UMA« WAA UM dAv«top* 

moot of AiOiUe-chAoaol fUtor« to b« Applied oo*U«o to UM MCF to rofRov« tyt* 

to« AmpUtude «ad velocity reepooeoe.   Tho Aocood ATAA A ttody of Aovorol #•• 

ploy technique«.    Included wer« both verlebt« Ar«A pUy^Ach« AOd boadpAAt fll- 

tering of recorded eventt to doternUao wbicb typo of eyotora w%9 boot» 

1,    Single •CbAnnel riltering Tftcbntqu« 

la ihl« ttili, the vtcool dot« diipley ii tnt] roved by rcmovini UM 

iytto» Amplitude end velocity reipOMiei usisg «loiie-chAOAel fUter« o«>Ilse At 

CPO uAUsg the MCF. 

i 

OoereesA to Aisoal output level for UM riAlMr compmiHwi I« 

ftootor UMO erould be «apected oo UM bAil« of ArrAy roepOMo compAHAOo. Aa4 

AsplAinA UM Fiib^r property of «ifnUicAntly AuppreAAlog quArry bUAl tefomi* 

tior*    Wboo compored with Wtooor power proc«««ing. Ibo •Ignol AUf»pr«AAUw 

property is more «evcrc for the rteber output. 

E 
( 

I 
I 

t 

SUUoo pertooeel cAllbrAted thA Z-l through 2-10 «eiimometer« 

twice dAÜy for l-i mooih« el the frequencici of 0. 2S.  0.50,  0.7*.   !.«>.   1.50, 

2. 00. And y. 00 cpA.    From these CAllbrAlioat, AO AvetAgA rotpooA« for eecb 

of thA ■Aitmcmeter« we« then celculeted to Account for the deily vertetion« la 

UM reepotMAA.   Since only the respooaet for Z-l throogb Z-10 wore AvAlUbl«, 

the«« 10 rAtponee« wer« Avorogod to yUld one retpooee wUeh sboold bo repre- 

•enUtive of AU 19 «hort-perlod iactrument«. 

From th« emplltudA retpoate,  A lystem velocity retpooe« 

obtained by iCAling the emplltudA retpcase by thA fee tor ^rf,  wh«r« f it th« I 
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(rvqtMMKy.   To obul« lb« ropOftM of UM filtert wMck «MI4 r«m»v« UM «iftpti- 

*04 v«tocllT r«tfO(M««*  r«€lpro€*U ol tJk«*« r««po«i««« w«r« calcwIUoir 

Th« filler• \h*% w«r« <krv«lo9M4 *rt y»o tto*» is Plf«Mt V-H 

AMI V-12 for ÜMi «mptiiud« «ad velocity roa»ov«l tochal^Mt, rctfwetivoly.   Tho 

flllor« «oro If «M MO potato 1» Uogilu or l.fl ooc «od 10.0 ooc.   Ihm cornel*- 

•looo 4r««o from thoto H|u. •• «r« tkot filiert of ol loool MO potato la looglli 

«oaM bt roqoirtO lo tucecttfully perform ihu letk. to4 UMI ihete flli«r« 

WOMM prohobly »till ooi five o good opproaUnaUoa ol UM 0oeire4 toeolto* 

L Dao to tko fact UMI eatremelf loag filler« tre oocotearf l»ff Ult 

loth oad Ikooo rili»rt re^idre more core tpoce to UM MCf UMO W% oeaUoaie 

iKe profromlag ata^o. tMa laitlMii at «ppraaaMaf «1M leth «ao 

2.   V«rUbU DlapUy 

Sovorol ailler«ii ploybocli toclaUfaoo «aro aaolyaoa to detera&oo 

erfeich Hcäaiqoi or cembiaeHoe ef tectet^vet beef oMod Hottoo «oolftlt lo pick- 

iBf iigol orrteot Umoe, eeeoi firai^rnetlofi OlrecttMM oad to Idoottlytag 

1 Retoltt ttoewd t ^od lecla^oe lo the idetttUlcalloa of Aral or- 

* rlvei« tad phote dotectloo It o cenfciaotfoo of varUbt« tret t4trbecke «tab erlf- 

gtr trocet tad boodpttt Mteriog (0.1 to 1. • cpe»,    rigare V-iJ tbowt t •meU 

eortb^oobe recorded el CPO oo f May 1HJ froat the PecllU Oceta tt ta tppro»- 

iraoto dUtoace of 40°.   "A" thowt tbo «voal oa roeordod ot CPO, "»" okaara tha 

4rieht« tret «Hffly trace playback of the eeoot tad "C  ohawe ÜM eoao doto oe 

oe "0" eaeept the eveat het beta nil*   »d by • headptta fUter wtth t 0.1 to I« t 

cpt potiboad. 

Thlt flftt^a clearly tbowa tho odeoatage of tbU method lo the oa< 

tly«l« tad reporttog of amall eartJ^aoket.    Number 1 thowt UM ftrct arrlvaU 
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of the event, while 2,  Z and 4 point o»it later phases of the event.   Of special 

interest in this figure is the way that phase 4 stands out from the background 

in parts "B" and "C" as compared to part "A",  where it would probably not be 

identified. 

Although results of this technique were very promising,  the study 

was discontinued since no method was available which would allow for easy on- 

line processing of data.    However,  the results p        nted are encouraging enough 

to warrant future investigations into the possibility of on-line processing using 

these or similar techniques. 

I 

! 

1 

I 

i 

f 

V-42 science ••rvlonA division 

C»;K 
^ »% 



gusneiütt c>  >—*  CM ^ir\>of*-oooi» iyiliiiii|||| 

< 
CG 



- 2S SSSSSSSS sgsisssisiggiiiiiis SSSS22SSSS 

CQ u 
Figure V-23. CPO Event, 9 May 1963: (A) Straight Playback- (B) Variable 

Area, Wiggly Trace; (C) Variable Area Wiggly Trace, Pass- 
band Filtered 0. 8 to 1. 8 cps 
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SECTION VI 

REFERENCES 

1. Texas Instruments Incorporated,   1966:   Cumberland Plateau 

Seismological Observatory Annual Rpt.   1,  Contract 

AF 33(657)-14648.   15 Sept. 

2. Texas Instruments Incorporated,   1967:   Evaluation of the CPO 

Auxiliary Processor,  CPO Spec.  Rpt.   5,  Contract 

AF 33(657)-14648,   30 June. 

3. Information Bulletin,  Seismological Observatories,  1963: 

VELA UNIFORM VT/1124,   14 Aug. 

4. Texas Instruments Incorporated,   1967:   CPO Quarterly Rpt.  6, 

Contract AF 33(657)-l4648,   15 Feb. 

5. Texas Instruments Incorporated,   1966:   CPO Quarterly Rpt.  5, 

Contract AF 33(657)-14648,  9 Nov. 

6. Texas Instruments Incorporated,   1967:   CPO Ambient Noise 

Study, CPO Spec.  Rpt.   1,  Contract AF 33(657)-14648, 

27 June. I 
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APPENDIX 

PUBLISHED CPO REPORTS 

CONTRACT AF 33(657)-14b4P 

This appendix lists the reports published under this contract and 

gives a short description of each. 

1. CPO Quarterly Report No.   1.    15 August 1965 (Research from 1 May 

1965 through 31 July 1965) 

2. CPO Quarterly Report No.   2.   15 November 1965 (Research from 1 

August 1965 through 31 October 1965) 

3. Instruction Manual.   15 March 1966 - Operation and Maintenance of 

CPO Multichannel Filter System 

fj 4.    CPO Quarterly Report No.   3.   29 March 1966 (Research from 1 Novem- 

ber 1965 through 31 January 1966) 

f 5.    CPO Annual Report No.   1.   15 September 1966 (Research from 1 May 

1965, through 30 April 1966) 

6. CPO Special Report No.   2.  21 September 1966,  Prototype Digital Multi- 

channel Filter System (Digital multichannel filter system including 

the design philosophy and various system tests) 

7. CPO Quarterly Report No. 4,  28 October 1966 (Research from 1 May 

1966 through 31 July 1966) 

8. CPO Quarterly Report No.  5,  9 November 19b6 (Research from 1 Au- 

gust through 31 October 1966) 

9. Instruction Manual,   1 January J 967 - Operation and Maintenance of the 

Auxiliary Processor 

i0„    CPO Quarterly Report No.  6,   15 February 1967 (Research from 1 No- 

vember 1966 through 31 January 1967 

I. 
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11. CPO «pecial Report No.  3,  June 1967 - Auxiliary Proceeaor Simulator 

12. CPO Special Report No.   1.  27 June 1967, CPO Ambient Noise Study 

13. CPO Special Report No. 4,  30 June 1967, Evaluation of the CPO Multi- 

channel Filter Processor 

14. CPO Special Report No.  5,  30 June 1967, Evaluation of the CPO Aux- 

iliary Processor 

15. CPO Quarterly Report No. 7,  30 June 1967 (Research from 1 February 

1967 through 30 April 1967) 

16. CPO Annual Report No.  2,  30 June 1967 (Research from 1 May 1966 

through 30 April 1967) 
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1. CPO Quarterly Report No.   1 

The first quarterly progress report reviews the analysis,  en- 

gineering and research tasks which have been performed or initiated during 

May,  June and July of 1965. 

During the first three months of operation,   routine analysis and 

operation of the station continued and specific research studies on ambient 

noise,  signal-to-noise ratios and detection capability were initiated.    In addi- 

tion,  a digital multichannel filter unit was being built by TI for installation 

early in 196'. 

2. CPO Quarterly Report No,  2 

The second quarterly progress report reviews the analysis, en- 

gineering and research tasks which were performed or initiated during August, 

September and October of 1965. 

During the second 3-month period of the contract,   routine oper- 

ations and analysis continued at CPSO.    The research tasks involving ambient 

noise studies,  signal-to-noise ratio studies and detection capability advanced 

smoothly. 

3. Instruction Manual - Operation and Mar tenance of CPO Multichannel 

Filter System 

This instruction book contains operation and maintenance infor- 

mation for the CPO multichannel filter system. 

The multichannel filter system uses digital processing techniques 

for simultaneous real-time filtering of several inputs through several filters. 

Since it is digital,  the system is highly reliable,   requires no tuning,  can oper- 

ate unattended over long periods of time,  and any or all of its filter coefficients 

can easily be changed by programing the magnetic core memory from punched 

paper tape or from control panel switches.    Subject to total memory size limi- 

tations, the system can be programed to accept analog inputs from up to 32 

D 
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r ■ourcrt,  sample each input 20 times/sec, process up to five filters/channel, *"* 

store up to 512 pts/filter, and beam-steer one of the filters in up to ten differ- p 

ent directions. ' 

4.    CPO Quarterly Report No.  3 

This report reviews the operational and research work conducted 

by Texas Instruments Ir' >rporated during November and December 1965 and 

January 1966 on the Cumberland Plateau Seismological Observatory (CPO) Oper- 

ations and Research contract. 

During the third quarterly report period,  operation of the ob- 

servatory continued on a routine basis.    High-quality seismic film and magne- 

tic tape data were recorded on an around-the-clock schedule with minimum 

station down-time.    Also,  improvement in the overall observatory maintenance 

configuration was obtained by continuing sound station preventative maintenance 

procedures routinely. 

Normal station-conducted analysis and research tasks were con- 

tinued on schedule at CPO. 

The associated CPO research tasks progressed smoothly and, 

in most cases,  neared completion. 

5.   CPO Annual Report No.   1 

This annual report reviews the analysis,  engineering and re- 

search tasks which have been performed during the first contract year.  May 

1965 through April 1966. 

During the 1-yr period,  routine operations and analysis continued 

at CPO,  and research tasks were performed on travel-time studies and the cat- 

aloging of events by station personnel.    Research at the Dallas facility included 

construction and installation of a digital multichannel filter processor (DMCF) 

plus associated research tasks, and ambient noise study and signal-to-noise 

ratio studies. 
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6. CPO Special Report No.  2 - Prototype Digital Multichannel Filter Syitem 

Contract AF 33(657)-14648 wai directed in part toward develop- 

ment of a prototype digital multichannel filter tyitem for use in the on-line 

procetting of seismometer array data at the Cumberland Plateau Seismological 

Observatory (CPO). 

This special report documents the digital multichannel filter sys- 

tem.    A summary of the design philosophy is included,  and results of various 

system tests are presented as appendixes. 

7. CPO Quarterly Report No. 4 

This report reviews the operations and research work conducted 

by Texas Instruments Incorporated during May,   June and July 1966 on the Cum- 

berland Plateau Observatory (CPO) contract.    Efforts during this period were 

directed toward routine observatory operations,  Dallas- and station-conducted 

research tasks and design and construction of a detection and identification di- 

gital processor. 

n Operation of CPO during the reported period continued on a rou- 

tine basis.    Magnetic tape and film data were high quality-    The overall obser- 

Ivatory maintenance configuration was good,  and minimum station down-time 

was reported as a result of a sound,  continuing preventive maintenance program. 

Research activities during the quarter concentrated on evaluation 

of the MCF processor,  ambient noise studies and detection processor simula- 

tion.    Data are presented which demonstrate a significant increase in station 

detection capability as a result of on-line MCF processing. 

As of 31 July,  construction of the auxiliary processor was 4?. per- 

cent complete,  and the program was on schedule. 

^ 8.    CPO Quarterly Report No.   5 

This report reviews the operations and research work conducted 

by Texas Instruments Incorporated during August, September and October 1966 

( 
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on the Cumberland Plateau Observatory (CPO) contract.   Efforts during the 

quarter were directed toward routine observatory operations,  Dallas- and 

station-conducted research tasks and construction and checkout of a detection 

and identification digital processor. 

Operation of CPO during the reporting period continued on a 

routine basis.    The overall observatory maintenance configuration remained 

good with minimum station down-time resulting from a continual preventive 

maintenance program.    Magnetic tape and film data were also high-quality. 

Research activities during this quarter concentrated on evalua- 

tion of the MCF processor,  ambient noise studies,  detectiou processor re- 

search and a study to improve visual data displays.    Data are presented to 

demonstrate the increase in station detection capability as a result of on-line 

MCF processing. 

As of 31 October,  construction of the auxiliary processor was 

complete,  the basic MCF was modified to interface with the auxiliary processor 

and separate checkouts of the twc 'jnits were completed.    The next phase was to 

interface the units tnd conduct system checkout. 

9.    Instruction Manual - Operation and Maintenance of the Auxiliary Pro- 

cessor 

This instruction manual contains operation and maintenance in- 

formation for the addition of an Auxiliary Processor to the CPO multichannel 

filter system.    The Auxiliary Processor provides the capability of performing 

supplementary processes without increasing the memory capacity or slowing 

the normal filtering processes of the CPO multichannel filter system.    The ad- 

ditional processes which the Auxiliary Processor provides are called the Fisher 

process.  United Kingdom process and the MCF Power process.    In addition to 

the new processing capability,  the Auxiliary Processor provides digital thresh- 

old    detectors on the Fisher and the MCF Power outputs. 
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The Auxiliary Processor monitors the CPO multichannel filter 

processor,  interrupts intermittently for data storage and performs its routines 

utilizing the CPO multichannel filter memory,  multiplier,  output registers, 

and several other circuits.    Control signals, basic clocks and dc voltage,  ex- 

cluding digital-to-analog converter power,  for the Auxiliary Processor is sup- 

plied from the CPO multichannel filter system. 

The Auxiliary Processor provides digital-to-analog converters 

for one Fisher output, two United Kingdom outputs and four MCF Power outputs. 

10.    CPO Quarterly Report No.   6 

Work conducted by Texas Instruments Incorporated from Novem- 

ber 1966 through January 1967 under the Cumberland Plateau Observatory (CPO) 

contract is reviewed in this quarterly report.    Efforts during this quarter were 

directed toward observatory operations,  hardware construction and on-line im- 

plementation,  and Dallas-based supporting research. 

Observatory operations and additional data on the "coefficient 

loss problem" which previously ey^ted in the MCF processor are discussed. 

In addition to the rapid-stop monitor for detecting marginal input power,  modi- 

fications to the processor goundiug system were necessary to eliminate entirely 

the problem of coefficient losses. 

Research activities,  including ambient noise studies,  visual data 

display improvement and MCF processor evaluation,  are reviewed.    Data are 

presented which demonstrate the continued time-stationarity of the ambient 

noise field ever a 2-yr period,  thus indicating that,  in at least general terms, 

MCF operators developed under previous efforts are appropriate for present 

application in the MCF processor. 

Design, construction and installation of the auxiliary detection 

and identification processor were completed on 30 December. A description 

of the system and a discussion of the on-line implementation and operating 
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parameters are presented.    Also included is a discussion of the evaluation pro- 

cedures and goals and an outline of the supporting Dallas-based research. 

11. CPO Special Report No.  3 - Auxiliary Processor Simulator 

The digitfd MCF-Auxiliary Processor was simulated by a com- 

puter program to facilitate the checkout of the processor and to study various 

operating parameters.    The program follows the logic of the processor as much 

as possible and contains the following main sections: basic MCF filter routine, 

beam-steer rou' ne,  Wiener power processor,  UK processor.  Fisher output 

controller, and divide routine. 

12. CPO Special Report No.   1 - CPO Ambient Noise Study 

A thorough and comprehensive analysis of the ambient seismic 

noise field existing, at the Cumberland Plateau Observatory (CPO) located E-SE 

of McMinnville,  Tennessee,  was the partial goal of Contract AF 33(657)-14648. 

Included in this investigation was the analysis of: 

• Absolute noise power density spectra 

• Spatially organized low velocity noise 

• Spatially organized high velocity noise 

The purpose of this special report is to summarize the results 

ofthis analysis and present in detail the data used to derive the presented con- 

clusions.    The data for this analysis covers the period Januar/ to March 1963 

and 1 May 1965 through 31 October 1966. 

13. CPO Special Report No. 4 - Evaluation of the CPO Multichannel Filter 

Processor 

As a part of the first year's effort on Contract AF 33(657)-14648, 

Texas Instruments Incorporated designed,  fabricated and installed a digital 

multichannel filter system at the Cumberland Plateau Seismological Observatory. 

Preliminary evaluation of the processor during the first contract 

n 
r 
[ 

[ 

f 

i 

i 

i 

f 

i 

i 
A.8 • ol«nc« ••rvlo«» division 



IMMMMPII 

D year, pr».nt.d in CPO Annual Report No.   I,  .ho. ,i a Zl-parcanl Increa» 

of reported event, at CPO after the in.tallation of the proce..- in March 1966 

as compared with Fehruary 1966.    Station per.onnel dnring the flr.t year re- 

; ported that the MCF aided then, in clearly identifying event, which they other - 

wise would not have detected. 

I |J An exteneive evaluation of i..e .y.tem a. a detection device was 
B performed while the .y.tem wa. on-line during the .econd contract year.    The 

purpoee of thi. report i. to review thi. evaluation of the increa.e in detection 

capahillty and amount of noi.e rejection, to present recommendations regardmg 

r future operation of the system and to summarise the hardware performance. 

14.    CPO Special Report No.  5 - Evaluation of the CPO Auxiliary Processor 

In addition to routine operation of the Cumberland Plateau Seis- 

n mologlcal Observatory, considerable applied research wa. conducted under 

Contract AF 33(657)-14648 to advance the understanding of array processmg 

n technology applicable to small seismic arrays used In the nuclear detection and 

D classification problem.    During the last project year,  under VT/ 6704 on-lme 

real-time detection and Identification processing was Implemented and evaluated 

I at CPC -or the primary purpose of studying automatic detection processmg. 

f On-line proccing was Implemented using the CPO Auxiliary 

' Processor which computes two classes of detection outputs, the Fisher analysls- 

r of-variance .tatl.tic and the Wiener power statistic,  and one class of Identifi- 

cation output, the United Kingdom technlcue.    The detection output, were com- 

I pared on-line against a fixed signal threshold level for automatic de.ectlon. 

' From this comparison a cc    inuou. real-time "ye.-no" output wa. provided for 

[ .Ignal.    Thi. output, along with the detection and identification data. wa. re- 

corded on Develocorder film. 

| Contained In thi. report i. a brief de.criptlon of the digital pro- 

c.lng hardware and re.ult. of tbe hardware evaluation.   Conclualon.. a. well 
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aa supporting data regarding the evaluation of on-line detection and identifica- 

tion processing,  are presented.    Also,  results from off-line supporting applied ~ 

research are covered. 

15.   CPO Quarterly Report No. 7 

This report reviews the work conduct-sd by Texas Instruments 

Incorporated under the CPO Operations and Research Contract during the final 

contract quarter - 1 February 1967 through 30 April 1967.    Activities during 

this period were directed primarily toward routine observatory operation,  com- 

pletion of all research tasks and preparation of special reports covering this 

work,  and transfer of the observatory facilities and equipment. 

Presented is a description of observatory operations conducted 

during the q.-arter.    Results of routine analysis and a discussion of preventive 

and remedial maintenance required during the period are included.    Research 

work conducted during this quarter is outlined and summarized.    Details of the 

noise analysis,  MCF evaluation and Auxiliary Processor evaluation were pre- 

sented in special reports covering each of these areas.    Also covered is the 

transfer of CPO facilities and equipment.    For future references,  lists of equip- 

ment,  facilities and expendable supplies which were transferred are provided 

in the appendixes.    Disposition of each of these items is included. 

16.    CPO Annual Report No.  ?, 

Since May 1965,  Texas Instruments Incorporated had overall res- 

ponsibility for operation of the Cumberland Plateau Sel^mological Observatory. 

In conjunction with this,  TI conducted research and investigation tasks directed 

toward the development and application of sophisticated processing techniques 

designed to enhance present knowledge of processing small diameter seismic 

arrays for teleselsmlc event detection.    Included I» these tasks was the design, 

fabrication, operation and evaluation of sophisticated on-line digital processing 

hardware which accomplishes Wiener multichannel signal extratlcn filtering, 

automatic event detection and classification processing. 
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ThU work wa. conducted under the technical direction of the Air 

Force Technical Applications Center and was sponsored by the Advanced Re- 

search Project. Agency as part of the VELA UNIFORM program. 

This annual .eport review, the station operation,  research and 

hardware development and evaluation conducted during the second contract year 

under AFTAC Project VT/6704 for the period May 1966 through April 1967. 

Work accomplished during the first contract year (AFTAC Project VT/50M) 

„a. documented In CPO Annual Report No.   1 and Is reviewed and summar.zed 

In this report where necessary for continuity. 
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parameters are presented.    Also included is a discussion of the evaluation pro- 

cedures and goals and an outline of the supporting Dallas-based research. 

11. CPO Special Report No.  3 - Auxiliary Processor Simulator 

The digitfd MCF-Auxiliary Processor was simulated by a com- 

puter program to facilitate the checkout of the processor and to study various 

operating parameters.    The program follows the logic of the processor as much 

as possible and contains the following main sections: basic MCF filter routine, 

beam-steer rou' ne,  Wiener power processor,  UK processor.  Fisher output 

controller, and divide routine. 

12. CPO Special Report No.   1 - CPO Ambient Noise Study 

A thorough and comprehensive analysis of the ambient seismic 

noise field existing, at the Cumberland Plateau Observatory (CPO) located E-SE 

of McMinnville,  Tennessee,  was the partial goal of Contract AF 33(657)-14648. 

Included in this investigation was the analysis of: 

• Absolute noise power density spectra 

• Spatially organized low velocity noise 

• Spatially organized high velocity noise 

The purpose of this special report is to summarize the results 

ofthis analysis and present in detail the data used to derive the presented con- 

clusions.    The data for this analysis covers the period Januar/ to March 1963 

and 1 May 1965 through 31 October 1966. 

13. CPO Special Report No. 4 - Evaluation of the CPO Multichannel Filter 

Processor 

As a part of the first year's effort on Contract AF 33(657)-14648, 

Texas Instruments Incorporated designed,  fabricated and installed a digital 

multichannel filter system at the Cumberland Plateau Seismological Observatory. 

Preliminary evaluation of the processor during the first contract 
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D year, pr».nt.d in CPO Annual Report No.   I,  .ho. ,i a Zl-parcanl Increa» 

of reported event, at CPO after the in.tallation of the proce..- in March 1966 

as compared with Fehruary 1966.    Station per.onnel dnring the flr.t year re- 

; ported that the MCF aided then, in clearly identifying event, which they other - 

wise would not have detected. 

I |J An exteneive evaluation of i..e .y.tem a. a detection device was 
B performed while the .y.tem wa. on-line during the .econd contract year.    The 

purpoee of thi. report i. to review thi. evaluation of the increa.e in detection 

capahillty and amount of noi.e rejection, to present recommendations regardmg 

r future operation of the system and to summarise the hardware performance. 

14.    CPO Special Report No.  5 - Evaluation of the CPO Auxiliary Processor 

In addition to routine operation of the Cumberland Plateau Seis- 

n mologlcal Observatory, considerable applied research wa. conducted under 

Contract AF 33(657)-14648 to advance the understanding of array processmg 

n technology applicable to small seismic arrays used In the nuclear detection and 

D classification problem.    During the last project year,  under VT/ 6704 on-lme 

real-time detection and Identification processing was Implemented and evaluated 

I at CPC -or the primary purpose of studying automatic detection processmg. 

f On-line proccing was Implemented using the CPO Auxiliary 

' Processor which computes two classes of detection outputs, the Fisher analysls- 

r of-variance .tatl.tic and the Wiener power statistic,  and one class of Identifi- 

cation output, the United Kingdom technlcue.    The detection output, were com- 

I pared on-line against a fixed signal threshold level for automatic de.ectlon. 

' From this comparison a cc    inuou. real-time "ye.-no" output wa. provided for 

[ .Ignal.    Thi. output, along with the detection and identification data. wa. re- 

corded on Develocorder film. 

| Contained In thi. report i. a brief de.criptlon of the digital pro- 

c.lng hardware and re.ult. of tbe hardware evaluation.   Conclualon.. a. well 
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aa supporting data regarding the evaluation of on-line detection and identifica- 

tion processing,  are presented.    Also,  results from off-line supporting applied ~ 

research are covered. 

15.   CPO Quarterly Report No. 7 

This report reviews the work conduct-sd by Texas Instruments 

Incorporated under the CPO Operations and Research Contract during the final 

contract quarter - 1 February 1967 through 30 April 1967.    Activities during 

this period were directed primarily toward routine observatory operation,  com- 

pletion of all research tasks and preparation of special reports covering this 

work,  and transfer of the observatory facilities and equipment. 

Presented is a description of observatory operations conducted 

during the q.-arter.    Results of routine analysis and a discussion of preventive 

and remedial maintenance required during the period are included.    Research 

work conducted during this quarter is outlined and summarized.    Details of the 

noise analysis,  MCF evaluation and Auxiliary Processor evaluation were pre- 

sented in special reports covering each of these areas.    Also covered is the 

transfer of CPO facilities and equipment.    For future references,  lists of equip- 

ment,  facilities and expendable supplies which were transferred are provided 

in the appendixes.    Disposition of each of these items is included. 

16.    CPO Annual Report No.  ?, 

Since May 1965,  Texas Instruments Incorporated had overall res- 

ponsibility for operation of the Cumberland Plateau Sel^mological Observatory. 

In conjunction with this,  TI conducted research and investigation tasks directed 

toward the development and application of sophisticated processing techniques 

designed to enhance present knowledge of processing small diameter seismic 

arrays for teleselsmlc event detection.    Included I» these tasks was the design, 

fabrication, operation and evaluation of sophisticated on-line digital processing 

hardware which accomplishes Wiener multichannel signal extratlcn filtering, 

automatic event detection and classification processing. 
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ThU work wa. conducted under the technical direction of the Air 

Force Technical Applications Center and was sponsored by the Advanced Re- 

search Project. Agency as part of the VELA UNIFORM program. 

This annual .eport review, the station operation,  research and 

hardware development and evaluation conducted during the second contract year 

under AFTAC Project VT/6704 for the period May 1966 through April 1967. 

Work accomplished during the first contract year (AFTAC Project VT/50M) 

„a. documented In CPO Annual Report No.   1 and Is reviewed and summar.zed 

In this report where necessary for continuity. 
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